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Fvaluation of the CEAS Trend
and Yonthly Weather NData Models for Soybean
Yields in Iowa, Illinoils, and Indiana
Vikid French
SUMMARY AMD COMCILJSIONS

The CEAS models evaluated use historic trend and meteorologlical and agrocii-
matic variables to forecast soybean ylelds in Iowa, Illinols, and Indiana.
Indicators of yield reliability and current measures of modeled yield reliabi-
lity were obtained from bootstrap tests on th end-of-season models.

_ Indicators of yield rellability show that the state models are consistently
better than the CRD models. One CRD model is especlally poor. At the state
level, the bias of each model is less than one half quintal/hectare. The stan-
dard deviation 1s between one and two quintals/hectare. The models are adequate
in terms of coverage and are to a certaln extent consistent with sclentific
nowledge. Timely yleld estimates can be made during the growing season us'
truncated models.

The models would be easy to understand and use. The models are not costly
to operate. Other than the specification of values used to determine
evapotranspiration, the models are objective. Because the method of variable
selection used in the model development has not been adequately documented, no
evaluation can be made of the objectivity and cost of redevelopment of the
model.
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DESCRIPTION OF THE MODELS

The models were developed by the Climatic and Environmental Assess-
ment Services (CEAS) (Motha, 1980) to predict soybean yields for the
states of Iowa, Illinois, and Indiana and for Crop Reporting Districts
(CRDs) within each state. CEAS is a part of the National Oceanic and
Atmospheric Administration (NOAA) within the U.S. Department of
Commerce.

Historic data were used to develop the models. The variables in
the historic data set are year, yield, monthly average temperature (T}
and total monthly precipitation (P). Agroclimatic variables vere derived
from monthly temperature and precipitation. Trend terms were developed
based on a function of the year number. The variables included in each
model are listed in the Appendix.

The meteorological variables used in the models include average
nonthly temperature (T1 - T12 for Jamuary - December), cumulative precipi-
tation (CPREC), deviations from normal temperature and precipitation (DFNT
and DFNP), and squared deviations from normal precipitation (SDFNP), a
quadratic term.

Agroclimatic variables which were felt to better represent the immact
of moisture and heat stress were also calculated. Moisture is supplied by
water stored in the soil and is replenished by rainfall. Moisture is lost
from the available water capacity of the soil directly through evaporation
and indirectly throuch transpiration from the plants. Actual evapotrans-
piration (ET) is defined as the actual water loss by transpiration from
the leaves and by evaporation from the underlying surface. Potential
evapotranspiration (PET) is defined as the maximum possible ET which would
occur if soil moisture over a large area were not a limiting factor. An
approximation to the montly PET is calculated using a procedure developed

2=
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by Thomthwaite (1948). The calculations require the current and "normal"'
monthly temperature and the latitude of the geographic location. ET can then be
calculated as a function of PET, monthly precipitation, and the budgeting of
available soil mpisture. The soll moisture budget 1s maintained according to
Palmer (1965). Evapotranspiration which is considered to be "climatically
appropriate for existing conditions" (CAFEC) is computed as «PET, where 1 =
ET/PET AND ET and PET are long term averages for a particular month. This quan—
tity indicates the value ET would have in order to be in its historic ratio to
PET. Variables in the models indicating molsture stress are DEF = P - PET and
RATIO = ET/CAFEC(ET).

Linear functions of year are used as surrogates for technology in all
models. Two linear trend terms are used for Iowa and Illinois, and a single
trend term is used for Indiana. For both Iowa and Illinois, the first trend
term (TREND 1) is derived by subtracting 1930 from each year value up to and
including 1960 starting from the earlist year for which historic yleld data is
avallable, 1950 for Iowa and 1932 for Illinoils. For years after 1960, the
constant value "30" 1s used. The second trend term (TREND 2) uses the value
"30" for all years prior to 1960 and the year value minus 1930 for all years
after 1960 up to 1978. The trend for Indiana (TREND) is definded by subtracting
1930 from each year val..: from the earliest year, 1937, up to 1978. There 1s no
explanation as to how these trend variables were determined (Motha, 1980). It
1s not clearly specified whether these trerd terms should be continued.

No discussion 1s included as to the method of selecting variables for
inclusion in the models, but some combination of stepwlse regression and subjec-
tive Judgment seems to have been used,
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The weather variables for the state models, including the derived
variableg, are weighted averages of the variables as calculated for each
CRD in the state. The weight used is harvested area, although planted
area is suggested for estimating yield in the current year. Models were
independently developed for each CRD ard state using the same combination
of procedures. Weather and yield data from 1950 to 1978 for Iowa, 1932
to 1978 for Illinois and 1937 to 1978 for Indiana were used to develop
the models.
Exclusion or modification of any yields because of the known occur-

" rence of episodic events, such as hail or disease damage, is not mentioned.
EVALUATION METHODOLOGY

Eight Model Characteristics to Be Discussed

The document, Crop Yield Model Test and Evaluation Criteria, (Wilson, et.
al., 1980), states:

The model characteristics to be emphasized in the
evaluvation process are: yield indication reliability,
objectivity, consistency with scientific knowledge,
adequacy, timeliness, minimum costs, simplicity, and
accurate current measure of modeled yield reliability.
Each of these characteristics will be discussed with respect to the CEAS

trend and monthly weather data soybean yield models.

Boots%_ag Technigg Used to Generate
Indicators of Y Llity f -of-Season Models

Indicators of yield reliability (reviewed below) require that the

parameters of the regression model be computed for a set of data and that
a yield prediction be made based on that data for a given "test" year.

The values required to generate indicators of yield reliability include
the predicted yield, Y, the actual (reported) yield, Y, and the difference
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between them, d = Y-Y, for each test year. It is desirable that the data
used to generate the parameters for the model not include data from the
test year.

To accomplish this, a "bootstrap" technique is used. Years from an
earlier base period are used to fit the model and obtain a prediction
equation. The values of the indeperdent variables for the test year
following the base period are inserted into the equation and a predicted
yield is generated. That test year is then added to the base period and

the process is repeated for the next sequential test year. Continuing in
this way, ten (1970-1979) predictions of yield are obtained, each indepen-
dent of the data used to fit the model.

For Iowa, data for 1950-1969 (20 years) is used to fit prediction
models for 1970; data for 1950-1970 (21 years) is used to fit prediction
models for 1971, etc. For Illinois, data for 1932-1969 (38 years) is
used to fit prediction models for 1970; data for 1932-1970 (39 years) is
used to fit prediction models for 1971, etc. For Indiana, data for 1937-
1969 (33 years) is used to fit prediction models for 1970, etc.

Even though the data used to estimate the regression coefficients do
not include the test year, this procedure does not result in a predicted
yield which is totally independent of the data from the test year. The
model developer used data through 1978 (which includes nine of the test
years) to select the variables which are included in each model and to
determine the break points for trend. It is unrealistic to require the
model developer to develop ten models for each test year. Since the pro-
cedures used for variable selection and break point determination include
subjective decisions, the process cannot be simulated accurately by the
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model evaluator. Therefore, the bootstrap procedure described, neither
tests how well these models can perform in the future if the procedure
is repeated nor how well the model developer can incorporate future
changes in trend.

Average soybean production and yield over the ten year test period
are listed in Table 1 for each geographic area. Also shown is the percent
of production each CRD oontributes to its state and the two state region
and the percent of production each state contributes to the region. The
percentage of regional production for each CRD is shown graphically in
Figure 1. Darker shades indicate higher average productivity.

Separate nmodels are derived for each CRD in Iowa, lllinois, and
Indiana and for each of the three states. Predicted yields at the state
level are also obtained by using an aggregated, weighted average of that
state's CRD predicted yields. Predicted yields for the region are obtained
both by aggregating the CRD model yields and from state model yields. 1In
all cases, the weichting factor used is soybean harvested area. Results
obtained by aggregating from the CRD models are identified as "CRD Aggr.”
and aggregating state models as "state aggr.” Although models have been
developed for use before and during the growing season, they are not in-
cluded in this discussion and only the reliability of the and-of-season
models is examined here.

Review of Indicators of Yield Reliability

The ¥, ¥ and 4 values for the ten-year period at each geographic area
may be summarized into various indicators of yield reliability.

Indicators Based on the Difference Between Yand Y (a= Q—Y)
Demonstrate Accuracy, Precision and Bias
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From the d value, the mean square error (root and relative root mean
square error), the variance (standard deviation and relative standard
deviation), and the bias (its square and the relative bias) are obtained.

The mot mean square error (RMSE) and the standard deviation (SD)
indicate the accuracy and precision of the model and are expressed in
the original units of measure (quintals/hectare). Assuming the d values
are normally distributed, it is about 68% probable that the absolute value
of d for a future year will be less than one RMSE and 95% probable that
" it will be less than twice the RMSE. So, accurate prediction capability
is indicated by a small RMSE.

A non-z=2ro bias means the model is, on the average, overestimating
the yield (positive bias) or underestimating the yield (negative bias).
The SD is smaller than the RMSE when there is non-zero bias and indicates
what the RMSE would be if there were no bias. If the bias is near zerc,
the SD and the RSE will be close the value. A model whose bias is close
to zero is preferred.

Indicators Based on Relative Differences Between ¥ and Y (rd = 1004/Y)
Demonstrate Worst and Best Performance

The relative difference, rd, is an especially useful indicator in
years where a low actual yield is not predicted accurately. This is
because years with small observed actual yields and large differences often
have the largest rd values.

Several indicators are derived using relative differences. In order
to calculate the proportion of years beyond a critical error limit, we
count the mmber of years in which the absolute value of the relative
difference exceeds the critical limit of 10 percent. Values between 5 and
25 percent were investigated ad a critical limit of 10 percent was found



most useful in describing model performance. The worst and next to
worst performance during the test period are defined as the largest
and next to largest absolute value of the relative difference. The
range of yield indication accuracy is defined by the largest and
smallest absolut. valeus of the relative difference.

IrﬂicatozsﬁBasedmf!axﬂYDatmstrateQ:rr&qpmxhszebeen
Actual and Predicted Yields

Another set of indicators demonstrates the correspondence bhetween
actual and predicted yields. It is desirable for increases in actual
yield to be accompanied by increases in predicted yields. It is also
desirable for large (small) actual yields to correspond to large (small)

Two indicators relate the change in direction of actual yields due
to the corresponding change in predicted yields. One looks at change from
the previous year (nine observations). A base period of three years is
used since a longer base period would further decrease the munber of
cbservations, while a shorter period would not be very different from the
comparison to a single previous year.

Finally, the Pearson correlation coefficient, r, between the set of
actual and predicted values for the test years is computed. It is desirable
that r(-1 < r < +1) be large and positive. A negative r indicates smaller
predicted yields ocourring with larger observed yields (and vice versa).

Current Measure of Modeled Yield Reliability Defined
By a Correlation Coefficient

One of the model characteristics to be evaluated is its ability to
provide an accurate, current measure of modeled yield reliability. Al-
though a specific statistic was not discussed in the paper, Crop Yield

10~



Mdel Test and Evaluatjon Criteria, (Wilson, et al., 1980), it was
stated that:
This ‘'reliability of the reliability*' characteristic
can be evaluated by comparing model generated reliability
measures with subsequently determined deviation between
modeled and 'true' yield.

For regression models, this suggests the use of a correlation
coefficient between two variables generated for each test year. One
variable is an indicator of the precision with which a prediction for
the next ysar can be made, based on the model development base period.
The other variable (obtained retrospectively) is an indicator of how
close the predicted value for the next year actually is to the “true"
value. The estimate of the standard error of a predicted value form
the base period model, sy, is often used for the first value, and the
absolute value of the difference between the predicted and acutal yield
in the test year |d|, is used as the second variable.

A non—-parametric (Spearman) correlation coefficient, r, is employed
since the assumption of bivariate normality cannot be made. A positive
value of r(-1 < r < +1) indicates a smaller (larger) value of s;( is
associated with a smaller (larger) value of |d|. An r value close to +1
is desirable since it indicates that a small standard error of prediction
(and therefore a narrow prediction interval about the yield being predicted)
is associated with small discrepancies between predicted and actual yields.
If this were the case, one would have confidence in sy as an indicator of
the accuracy of Y.

A model-related reliability measure other than sy ocould be suggested
foc use. In the present case, the model developer did not recommend any

measure, so Sy is used.

=11~



MODEL EVALUATION

Indicators of Yield Reliability Based on d=¥-Y
Bias U less 1 Quan
and S Deviation Less Q S,

Table 2 shows indicators of yielc reliability based on d for CRDs,
states, and the region. Figure 2 also shows CRD values for the root
mean square error.

The root mean square error (RMSE) is an indication of how accurately
each model can predict the yields over the test years. For the CEAS soy-
bean models, the RMSE values are less than 3 quintals/hectare. The state
model for Illinois has a smaller RMSE than any of the Illinois CRD models,
and the state model RMSE for Indiana is smaller than for any Indiana CRD
model except CRD 2. This indicates that these two state models have a
higher degree of accuracy than the CRD models.

The standard deviation (SD) indicates the variability of the d values.
For Iowa and Illinois these are all less than 3 quintals/hectare. For
Indiana they are all less than 2 quintals/hectare.

The bias values for Indiana are mostly negative, indicating that the
models tend to underestimate the yields. The bias for all models is less
than one quintal/hectare, and, except for Iowa CRD6, the relative bias
values are less than 5 percent.

There is no indication that one of the aggregation methods is con-
sistently better than the other at the regicnal level.

Indicators of Yield Reliability Based on
A = Y003/ Show Tass Than S5 Percent
of the Years Have rd Greater Than
10 Percent, and Largest rd Less Than
50 Percent

-12-



- SO

ILLI&O[S.

CEAS mnDE

OF POOR QUALITY
IOWA.

ORIGINAL PAGE I9

¢
'

it~ PNS SO WDt DOMNRe= U ~M I NLMMOMM OO T~

[)

o e o000 00 000 [ ¢ 000000 00 ¢ o o000 0000 o e
VYl =TV DANUNLD D Nt AN Dt DD UD PAUA Nt DN = o522

-- " J [N} ] [ B I B A ) [ ] [N}

]
vt Lt ~Orm~eMme am O~ A~ON OO MmO =M™ (VS [o XY o]
) Nt o=y ST ON IO APt PO~ N INEOINO S ¢ N O
-— s eec e o0 00 e e e 0000 0000 oo ¢ 90000 000 o0 L)
DI OODO2ODD=DO0O0 2D COODOODOD 2O CODOOOO0O0D OO oc

-. e ] " ] 10000 [ ] "

Q1 MAIOMINVNN~ ~N nao~onmoom 22 OO IPDO~NOODH O —(vy
T SO DoNTC OO OO NCCO AT QOIS Mt OO bt O co
Nl e e e o 00000 e ® 00 000000 o o o e 0 se0 00 L] o
1 occconcco oo occcecocos e ococoooCcoo OO o0
b o |

]

Q1 ~SAPNODIIND M ~LM T Mg NN NN PTOPDONLI~N NS a®
v e s o000 000 e oo o000 0000 o o e 0000000 L ] L)
o1l TUELOOONes OS T CmOOCCC YO rreacwvTarc o ru

] —tont P

’

¢ SMUMODNMNMON™ DO AU YAV Tag IV TAVECT TV T 372 ) [Voto 1o s Tog IX JAVIK JVSTC SUNT 4 Ve ) O\Sest
ol ] SN NN N N K2 4 DYIAVIVAR UN AT VPR ¢ IR o of [aN0~Thq Ja XY s TN N S N e P MM
[Val | e s 00 000 e e o s 0000000 o0 e o0 s 0 0000 o e o0

1 (et g\t O OO =t OO Ot it ot et st et bt el et gt et —t gy

[}

1

I S~ AMONNO =D OV ~ODPNPP Ll ONNMI- O3 (VS N
1 ~POLLT~~0ONn N PO LIFLIN VS CIrO~MOPOoOCce aom ~r~
< ¢ 0000 v o0 s e 0 000000 o s e 0 00 0000 o0 [
D) FmONMauI™M O FNOoINILL L™ (M Lonlanln ATAVIaN ha Toalog IR T —tont

)

'

Lt

(VAR B« i Vol e oXV o2t 2K o X: o Tall ol S ON ettt N ™M NN MU M~ oo
b2 | ® 00060 0 000 o e e 066 000 0 00 L3N ] 00 00 00 00 e L)
[» B B T oY of a1V ol o NV of =T SRRV o X J P~~~ CCS MNOT [ ok of At ofVaX. of s s ¢ SN of (o) e
o - et pmt =ttt

]

Wi NI O WNNG O~ O SOV LIO0 M~3 MmN
NI ONIONNINW- 2O NN AP =y =eD LN 2N OoONM~~ToN MY [pelae}
b} s 0000000 o0 o000 000000 L ] e o000 00 00 LR o0
O ONrtrt O\ Jomt\ ot bt U N et YOS\t oot e et gt gt (\ ] ot et gt oot gt gl ot pdpme

]

[}

) AP DRDMO—  —~ OFNFINLIN ND VD2 OMSFNVON M NN
Wi NNOI~OTN NS SN =~ NOIM I2 OVIOFTODNN  ON ~~
wni e 000 00000 o0 e 0o e 0000 0 LN o &9 00 0000 o LI
s “ SONCNN =M™ o= wmwncinueInam M NSO e —r

)

[] L . L] L)
NI CO0OOOOOD MY COO0COOOOOD _NY QOO0 OOOO _NY e
Q1 ~UMINODOO WIS M FNO~TC WE =N IO~ WO (L] s
O (=10 co Qv (L]

[ ca v Ca (=14 aqa

(] b3 - z o b3

' w (=] w 2 [\ ZWnn
[N} wo Z wo e Wwo oow
-0 o [l 4 — [ 4 Lo - [l Lot
alt 2 <O -t g0 o a0 VLa
-t C [ ot ) - 2 - -
N (T - wn - w a@ w

=] 3=



§
i
:
-
;
g
g
2
:
:
;
:
8
7]
£
:
g
:
:
g

gure 2.

F

barker shades indicate CRDs with higher production,

test vears 1970-1979,

o

KRR

AN

X

.z
Vs

e !

s

S,
A

AR

s
R A A,

e
e S s
RN

ORIGINAL PAGE IS
OF POOR QUALITY

B
)
Wy s s
N SRR R,

S
e

AND INDIANA

CROP REPORTING DISIRICYS

IOWA HLINOIS




Table 3 gives indicators of yield relisbility based on rd for the
region, states, and the CRDs, Figures 3-5 also show CRD values for
selected iidicators.

The Illinois CRD 80 model shows the poorest results; 50 percent of
the years have an absolute relative difference greater than 10 percent.
Illincis CRDs 20, 70, and 90 have an absolute relative difference greater
than 10 percent for 40 percent of the test years.

Most (80%) of the models' largest absolute relative differences
occurred for the year 1974, indicating that 1974 was difficult to predict
accurately. Growing conditions that oould account for this arve shown in
Sppendix A, The largest absolute relative difference is 41.2% for Iowa
CRD BO (1974). The second largest absolute relative differences are all
less than 20 percent.

The smallest absolute relative differences dre generally less than
two percent. The largest was for Illinois CRD 60 which was over four
percent,

Again, there is no clear indication that one of the aggregation methods
is better at the regional level.

Indicators of Yield Relisbility Based on ¥ and Y Show
%@W the Direction o in
as Carpared to Actual Yields

Figures 6, 7 and 8§ show plots of the actual and predicted vields using

the state level models for the ten-vear period. Table 4 shows the
indicators of yield reliability based on actual and predicted yields for
CRD, states, and the region, Figures 9-11 alzo show CRD values,

For most of the models, the change in direction of predicted vields
agrees with the chance in direction of actual vields both from the previous
year and from the average of the three previous vyears over fifty percent



TJAL YIELDY

Ee)
R

IE&%?I&

3
Bt owel 1A ]

£
EO=ACTUAL ¥

Ya%z

nF ¥
FDICTY

BASED 0y RU =

K R e TP e R Fall o s B B 4 PR RN B B 0 LR AR T 2 P - P
Hasomets | SRR RISIE N ¥ L EORR AT N R .n R E e R e e . % * %
Fa RIS O T D D £ e Ot P TPt LY B . AN i ) ot B ey
R B N e Rk Eatine Tur ¥ B da N T S R 1w | i ok ok Tt FLJ oo ol el ol R
¥ ¥
¥
P ]
£54 |
G A OO NING 00 B e bt ST Lttt T Lol g o [Pale S0 0 AV L gt o B e gk
O e | SRS R I N o R R .o ORRR R R .
AT D En S TR R N ot vk ot TS T ot AT T 103 T e T 0y ok T o . J
b | ] $4 o 2 £ 8 i ) 8
2 ¥
i 1
)
i
By
il R I T e O P E B R sl o e ol S 9 o SR O 8 ) o B ¥ Lne T 30 9 0% i R 1 € Ot
wish 'k e *ow RO R e W FOEE R R R E e o
LT P 0 S e Y e AT IR O LRNIDLO D e i RS TRt TP Y Pee oy B gt
B 1 e ] i e i o o i B e e et E 5%  ;
o “ ¥ ¥ 14 i ¥ 58 f 2 | i
3
i
]
i § S g O O R i g o G o s s, o, oo s g R g SR O O e o v e
Tl 33 eerow sy N3 233333390 33 MU 2I3I0SN 2D 22
e  a o B o o S e P o
BEONE B e e e el et SRR ST o QTP IIOT T Coiid otk R e ats e uba pon o0 gl e bede o
i ot } Aot o Rt S B ) o
G et | i i oo e Nl Pegadt ke . Vi G oss Waor et Worr s ¥ N S S bt P i P S aaod st i o Nt S o s’
Lt ]
W § OO T e R O T O el S acial s 00 B8 SRR St B e e R it e
Lrg S o LR S e % R R R i X R R e e R e ok *® 0w
el T el & AL ol Lo A B il 0 R R A TN e Tl ek ol a8 AR Ni oo ] L )
E 3 B kbt F I o P Ta i tea s e €1 400 L R0 L CFPE SRS 6% 4 41 sk i ot T, § ol LUK o bl gk ik
bk i L ]
]
¥
pedfiok
e s ol
il ety
LIGIA 1 OO GOORND DD Ern ® v B o Lo Eore B e S s e SRR o e For T o boect soe Fon o Loe  ou b ow SRR e Sooni ] G o
pwzm“ Dudes AR T ot O e O U R e RGP PG e g B e
ad %
28 T
Chome §
$
£ . . * s
VOO enO e NY LHEFCICAACICIICH Ny o3 2 T SRR 4 T HYIY
O eur I ROl Wil SN IO O WD O IO LS oS
L3 o o i) o Lo
| ; any w Cony Lower b B
¥ > - 38 ot ¥
| i o w = n aunn
1l } Wi < Wil b d il oLt 1
o | S oy .t o s 1 Wt £ o
L s LD d 2L [ b O he B - S
e )T ot | E & Lo il
TS T wn bt i L ond o o U

=16



KRR

IR
BRI
RN

difference from the CEAS

ive
Darker shades indicate CRDs with higher production.

%
e
o

s
& NS o
SRS
P
A
:, o,

ute value of the relat

o

e

P R RAKFAR

AND INDIANA

O
&

LR

soybean models is greater than ten percent.

Percent of test years (1970-1979) the absol

5
s

AR

o

3.
SRR

RS0

CROP REPORTING DISTRICTS

ey

20
IOWA ILLINOIS

Fi
10

-] 7



<
wt
<
>
2
2
Q

?.ua.&.a.?@.c
:ﬁu.a««xxx«?
B
SRS R e
B R AN
P
T

e

gt

SIDINISIA ONILEOIIY «OUD
VNYIONI ONY SIONITI YmOl

06 Jog'
0L/ o9
ov (Ot

0s
o1

e
S A R,
R
S Oy

K I A

R s s

T e N

RO AR UL s
A e
A D R,

R R
ORI S
2 A G L

R R,
S AN AN SR,
SRR L

R

R

SRR OOON SR ONO0ESSS

St

R,

e

AR

« - greal
*uorjonpoad I8UbTY UITM SMD S9BOTPUT S8peyUs Jaxaed  6L61-0L61
3883 g mﬁﬁkﬁﬁ Si8pau Qmmnﬁmmm SYED 2l ﬂﬁu.w soUalallIp gwu@mmw.u @ 30 anies eqniosqge umﬂmﬂm«m




S1D181510 ONILEOdIN dO¥D

i

PR

RN R KRR
BN N
SR N

Rt e R s e
RN QR ICO
S PP GRS

T

OF POOR QUALITY

0
i
wd
<z
o
wd
&
=
g
x
Q

L RO
e e e
ARSI,

ity AT

ruorjonpoxd JeUbTY YITM S(UD SILOPTUT S9pRUS JONIR  *6L61-0L61 SI1eak json
oy3 buranp sTepau UPSgAOS SYED BUJ MOII S0USISIIIP SATIVISI SU3 JO onfea 9antosqe isabiey xeN

g ambig



Iowa State Egdel, actual and predicted soybean yields for
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l1ilinois State Model, Actual and Predicted Sovbean
Yields for rthe Test Years 1970-1979 Figure 7
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Indizna State Model, Actual and Predicred

_Soybean Yields for the Test Years 1970-1979

Figure 8
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of the time are Iowa CRDs 20 and 30, Illinois CRDs 20, 70 and 80, and Indiana
CRDs 80 and 90. Those models for which the direction of change is correct from
the previous three years' average less than fifty percent of the time are Iowa
CRD 80 and Ilinois CRD 30. This 1s a rather ilarge number of models which do
not do well based on these indicatos.

The Pearson correlation coefficients between Y and Y when squared show the
percentage of the sum of squares of deviations of Y about 1its mean Y which can
be explained by the independent varlables in the model. The state and regilonal
models show associations between 60 and 80 percent. The individual CRD models
do not generally do as well.

Indicators of Base Period Precision

Do Not Correspond to Precision Found
During Independent Tests

Certain statistics generated from the regression analysis of the base
period data are often used to provide some indication of expected yleld reliabi-
lity. However, these statistics only reflect how well the model describes the
data used to generate the model, i.e., fit of the model, rather than how well
the model can predict glven new data. Therefore, 1t 1s important to compare
these indicators of fit of the model to the independent indicators of yield
reliability discussed in the preceding sections. In this way, one can see how
these base period indicators of fit of the model do or do not correspond to
independent test indicators of yleld reliability.

One indicator of yleld reliability, the mean square error (MSE), 1s the sum
of squared d values {d = ¥ - ¥) for the independent test years divided by the
number of test years (Table 2). The direct analogue for the model development
base period 1s the residual mean square. The residual mesn square 1s obtained

-27-
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by first generating the usual least squares prediction equation using the base
period years. Then instead of predicting the yleld for the following test year,
ylelds are predicted for each of the base period years. The residual mean
square 1s the sum of squared d values for these base period years divided by the
appropriate degrees of freedom (number of years minus number of parameters esti-
mated in fitting the model). Whereas one value of MSE 1s generated for each
geographic area over the entire test period, a value of the residual mean square
is generated for each base perilod corresponding to a test year for that area.
The low, high, and average of the base period values for each area are given in
Table 5.

The MSE values from Table 2 are repeated in Table 5. The MSE values for
the independent te~t are larger than the highest base perlod residual mean
square for all models except Iowa CRD 20. For this one model, the MSE 1is
smaller than the lowest residual mean square. For all other models the precision
indicated by the base perlod analysis Is seen to be far too optimistic when com-
pared to the independent test MSE estimates.

Another indicator of yleld rellability is the correlation coefficient, r,
between the observed and predicted ylelds for the independent test years (Table
4). It 1s desirable for r to be close to +1, even though it can be negative.
The analogue for the model development base period is the square root of RZ, the
coefficient of miltiple determination. The square root of Rz (expressed as a
proportion), R(0 < R < 1), may be interpreted as the correlation between
observed and predicted values for the base period years. The low, high, and
average values of R for each geographic area are given in Table 6. The Pearson
correlation coefficients are also repeated in Table 6 in the colum "Independent
Correlation Coefficients."”

-28-
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The lowest base period correlation coefficients are all larger than
the independent correlation coefficients, confirming that the levels of R
or R? for a model development base period are of no value in indicating :he
independent performance of these models.

Models are Objective

To predict the yield for a future year, the value for trend and any
weather-related variables in the models would be calculated and used with
the regression coefficients derived when the models were developed. This
would be a campletely objective process.

There are four subjective specifications in the model. In order to
calculate the values of the RATIO variable, the user must sepcify the
beginning moisture in the surface layer, the available water capacity in
the surface layer, the beginning moisture in the underlying layer, and the
available water capacity in the underlying layer.

The models would probably be updated as new data was collected, and
new trend terms might be needed. Because the methodology used in developing
the models is not well specified, it would be difficult to duplicate the
process.

Models Show General Consistency With
Scientific Knowledge

The model developer used three types of variables: (1) year, as a
surrogate for technology, (2) derived meteorological variables, such as
temperature expressed as deviations from normal, and (3) derived agroclimatic
variables, for example, the difference between precipitation and potential
evapotranspiration.
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Trend terms are an important component of trend and monthly weather
data models. Usually, they are the first terms selected by the stepwise
procedure and account for more than half of the total variation in yield
explained by the model. Also, the specification of trend determines the
residuals of trend which are assumed to be dependent on the meteorological
and agroclimatic variables. Therefore, if trend is improperly handled in
a model, results may be substantially affected.

For the Iowa and Illinois models evaluated, changes in yield due to
technology are assumed to be continuous piecewise linear functions of time
" (year). Piecewise functions allow the year-to-year contribution to yield
fram technology ard other non-weather factors to be different over various
time periods. In fact, the contribution may be zero over some portions of
time. A period of such flat trend indicates no increases (or decreases)
in yield dve to technology ‘or non-weather) factors. As long as one is not
able to consider the various camponent parts of technology, this form of the
model seems reasonable. However, it does not allow for discontinuities in
the yield level due to sudden shifts in technology.

Two trend terms were used for Iowa and for Illinois, and one term for
Indiana. TREND 1 for Iowa increased from 1959 to 1960 and TREND 2 for 1961
to 1978. TREND 1 for Illinois increased from 1932 to 1960 and TREND 2 from
1961 to 1978. The <'ngle TREND term for Indiana increased from 1937 to 1978.
No indication is given as to what trend terms should be used in the future.
No scientific evidence is proposed to account for the change-over points in
trend, or the differences in trend between states.

In terms of consistency with scientific knowledge, it would be most
desirable not to have to use year as a surrogate for technology and/or other

non-weather factors. However, if it must be used, the change-over points
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should be chosen objectively and in such a way that scientific evidence
could be used as supporting evidence. Even if change-over points must be
subjectively determined, they should be clearly linked to available
scientific evidence of actual changes in technology and other non-weather
factors. This would also allow some guidelines to be developed for the
choice of change-over points when model re-development occurs in future
years or in other geographic areas.

As mentioned previously, if technological improvements in crop yields
are modeled by a trend term based on year, the manner in which trend appears
in the model can have a large impact on yield estimates and forecasts. It
is not at all clear that entering trend and weather as distinct variables
in a single regression equation clearly separates the impact of weather
and non-weather influences on yield. More research needs to be done on
alternate methods of distinguishing the effects of weather and technology.

This CEAS model uses monthly weather values. There is little corres-
pondence between the beginning and ending of a calendar month and the beginning
and ending stages of development for soybean plants (and its changing tempera-
ture and moisture requirements), especially since plants do not begin develop-
ment stages at the same time each year.

Another problem in using a single monthly weather value for a CRD or
state is the underlying assumption that each year the value is representative
of the entire area for the entire month. In one year the value may be more
representative of the conditions in one part of the area or in one part of
the month and in another year the same value may be more representative of
another area or part of the month, Variables involving rainfall could be
particularly affected by these dissimilaritigs from year-to-year. Of course
these comments apoly to any model constructed from variables of this type,
not just the CEAS models.
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Monthly metenrological variables available on a climatic division
basis (corresponding to a crop reporting district) are average temperature
and total precipitation. The monthly precipitation values are also summed
to obtain cumilative precipitation terms. The average value of these
monthly meteorological variables is subtracted from its value for the month
for deviations from nommal values.

Terms are :-~lected for inclusion in the models from these various
derived meteorological variables using a stepwise procedure along with
subjective judgments. Use of the stepwise procedure for CRD models
frequently leads to the inclusion of a variable in a particular CRD but not
in any of the surrounding CRDs, which might be difficult to support
scientifically.

Most of the meteorological variables are considered as deviations from
nommal, both linear and quadratic. The implication of squared deviations
from normal precipitation is that a large deviation from normal, in either
a positive or negative direction has an equal impact on the yield. Evidence
is not given to support this assumption.

The model for Iowa CRD 30 uses the predictor "temperature in June."
It is rather surprising that "deviations from normal temperature in June"
is not used instead to correspond with the other models.

Several Iowa and Illinois models usa the meteorological variable
"cumalative precipitation from the end of the previous growing season
(September)" extending to either April or May of the current year. All
have neqative coefficients, reducing the yield if the cumlative precipita-
tion is hich. This would seem plausible only if planting were delayed as

a consequence. However, an increased yield when cumulative precipitation
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is low would only due to earliness of planting. If cumilative precipita-
tion fell below a critical level, yield would be reduced.

The modsl report states that soil temperature is important during
planting, gemination, amergence, and early vegetative growth. The
deviations trom normal temperature (DINT) for May and June cuuld be used
for these factors, although this is not stated in the rep:rt. These
variables are included in several of the models. Iowa CRD 40 has a neg-
ative coefficient for DFNT (May), but the rest have positive coefficients
(ranging from 0.1 to 0.6) indicating that colder temperatures would decrease
yield.

Two Iowa CRD nodels (70 and 80) include a DFNT (April) term, both
with neqative coefficients. These negative coefficients are not what
would be expec:ted based on scientific considerations.

A second critical period in scybean develcpment proposed by the model
report occurs during the flowering stage. High temperatures and noisture
stresgs would decrease yield. For the months of July and August, deviations
from normal precipitation (DFNP), squared DFNP (SDFNP), precipitation minus
monthly potential evapotranspiration (DEF), actual evapotranspiration
divided by climatically-appropriate evapotranspiration (RATIO), and DFNT
could be used for these factors.

RATIO for July or August are used in many of the models. The signs of
the coefficients are all positive, indicating that the less the crop-available
moisture, the lower the yield.

DEF (P - PET) for July or August are also used in several models.
Again, the signs of the coefficients are positive, indicating that aridity
will decrease yield.
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SDFNP for July or August are also popular for inclusion in models.
The signs of these coefficients are almost exclusively neqative, indicating
that a large departure from nomal precipitation (positive or negative) will
decrease yield. Indiana CRD 20, however, has a positive coefficient for
SDFNP (2ugust), wnich would not be appropriate.

Several moidels included DFNP for July or August. The coefficients
for these variables are positive except for Indiana CRD 60. This would
imply that a lack of rain would lead to a lower vield.

DFNT for July and August were included in only 3 CRD models.
Ooefficients for Indiana CRD 30 and Iowa CRD S50 are both positive. Indiana
CRD 80 has a negative value. In order for a high temperature to produce
a decrease in yield, the coefficients should be negative.

The final critical period mentioned in the report is the pericd from
beginning podfill to end of flowering, when water stress is especially
detrimental.

DFNT for Septenber was used in five of the Iowa models including Iowa
state model. The ooefficients are all positive indicating that high
temperature is related to high yield, perhaps related to a reduced incidence
of frost damage.

RATIO for September would be a better measure of water stress and
was used in several of the models. The coefficients are all positive,
showing that increased crop available moisture increased yield.

Other variables are included in the models, probably for increased
predictability, but no scientific reasons for their inclusion are stated.

In order to calculate the agroclimatic variables, PET and a soil

moisture budget are estimated. ET is estimated using PET, P, and the
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contents and capacity of the soil moisture budget. Thormwaite's (1948)
procedure is used to calculate monthly PET. The consideration of other
procedures is not mentioned. Running a soil moisture budget on a monthly
basis is a difficult task. This is mainly because runoff cannot be
determined accurately. An available water capacity of ten inches (254 mm)
is assumed for all CRDs and three states. Palmer (1965) recommends

ten inches as a reasonable figure for Central Iowa. He assumes six to
eight inches is more appropriate for western Kansas. No scientific
evidence is presented in the present case to justify the ten inch budget
in I1linois and Indiana and its uniform value in every CRD.

Values of the meteorological deviation from normal and agroclimatic
variables to be used in the state models are computed as weighted averages
of the values used in the CRD models. An alternative method of calculating
then would be to compute the weighted average of the basic meteorological
variables, monthly average temperature and total precipitation, and then
calculate the variables at the state level in the same manner as they were
computed at the CRD level. No scientific evidence is presented to show a
preference for performing the aggregation one wey or the other. There will
be a difference in the results of the two methods due to nonlinearity.

Finally, one would like to see the use of a variety of methods for
variable selection and parameter estimation. In the field of regression
analysis, increasing use is being made of new diagnostic, robust estimation
and variable selection techniques. The use of these new techniques does
not guarantee better models but shouid, at least, lead to a better under-
standing of the limitations of the models.
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Model Re-Development Would Be Required to Predict Other
Than CRD and State Yields

In theory, a CEAS trend and monthly weather data model could be
developed for any geographic area and for any level of detail as long as
historic values of year, yield, and nmonthly average temperature and total
precipitation were available. However, the complete model development
process would have to be followed in order to develop models for other
than CRD or state geographic subdivisions in Iowa, Illinois, and Indiana
or for areas outside these states. So the models are only adequate for
" those geographic areas, subdivisions, and time periods tor which they
have been developed.

Trend and Monthly Weather Data
Models Are tot Costly to Operate

Operaticnal costs of rumning these models through a growing season are
moderate. The monthly weather data (average temperature and total rainfall)
obtained on a timely basis is currently prepared for other users on a rou-
tine basis, so that conceptually the cost could be shared. All that is re-
quired to obtain the yield estimates is to have someone responsible for
aocquiring the weather data and performing the regression equation calculations.

The more axpensive part of the process is the maintenance of the historic
agricultural and meteorological data bases and the re-development of models
as required. The maintenance of the data bases requires the part-time
efforts of persons familiar with meteorological data, agricultural data, and
the computer system being used. The re-development of the models in future
years, incorporating more recent yield and weather data, would require the
skills of a person familiar with statistical regression methodology and
agronamic modeling using meteorological variables.
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It is difficult to say how expensive it would be to develop a model
for another geographic area. The availability and form of the weather and
yvield data would be the determining factor.

Timely Estimates Can Be Made Using
Approximated Weather Data

Truncaced models were developed for each CRD and state using weather
data available through each of the months of March and September. In
several cases no significant predictor variable was found, and no model
was developed. These truncations were not evaluated in this paper, but
-the methodology used in the model development report (Motha, 1980) could
be used to estimate yield during the year.

It takes at least three months after the end of a month to cbtain that
month's average temperature and total precipitation for the climatic divi-
sions from the National Climatic Center in Asheville, North Carolina. How-
ever, estimates of these climatic division values can be prepared earlier.
These weather data approximations could be used in the regression equations
to obtain yield estimates in the first week of the month following the
month to which the weather data pertains. The yield estimate will not
change if the model for a particular month is the same as for the previous
month.

Models Are Easy to Understand and Use

The variables contained in these trend and monthly weather data models
for soybean yield estimation are fairly simple and easy to understand. A
computer program would normally be used to calculate at least the values of
the stress variables, The contents of the soil moisture budget would need
to be saved from the previous year unless it could be assumed that the

budget was filled to capacity over the winter months. It may be confusing
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to users to have three different kinds of similarly defined stress variables
appearing in the models for various CRDs. Also, the user might expect large
values of a stress variable to indicate‘'more stress instead of less. Inter-
pretation of some coefficients may be difficult in models which include for
both precipitation as a deviation from long term average and as part of a
stress variable for the same month.

Standard Exrors of Prediction Provide
Poor Current Measures of Modeled Yield

Reliability
Table 7 shows the Spearman correlation coefficients between the

estimated standard error of a predicted yield value (sy) and the absolute
value of the difference between the predicted and actual yield (|d|) for
CRD and state models. Figure 12 also shows the CRD values.

For eight of the 27 CRD models and Iowa CRD aggregated model, the
correlation coefficient is negative. For most of the other models, the
coefficients are very low. The largest positive coefficient is 0.64 for
Indiana CRD 80. Based on the correlation coefficients, one can conclude
that sy does not provide a good measure of the closeness of the predicted
values to the actual yield values. That is, the accuracy of a predicted
yield cannot be reliably judged using sy.
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CONCLUSIONS

At the state level, the bias of the models as estimated over the
ten test years, is less than half a quintal/hectare. The standard deviation
is between one and two quintals/hectare. The squared Pearson correlation
coefficients show that the variables used in the state models can be used
to acocount for between 60 and 80 percent of the yearly variation in yields.

The state models are consistently better than the CRD models. In
particular, the model for Illinois CRD 30 seems to be poor as measured by
several of the criteria. The model standard errors of prediction do not
provide a useful current measure of modeled yield reliability.

The model is objective, but due to inadequate documentation in the
initial report, it is difficult to assess the subjectivity that would be
involved in a redevelopment of the model. The models are adequate in terms
of coverage, and they show general consistency with scientific knowledge.

The models are not costly to operate, but redevelopment costs cannot
be estimated. Timely yield forecasts can be made during the growing season
using the truncated models. The models are easy to understand and use.
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APPENDIX A

Brief Description of Growing Conditions for
Soybeans in Bootstrap Test Years for Iowa*

Year

1970 Yield same as 1969 (record up to this point).
Production up 4%.
Planting well ahead of average.
Dry oconditions cause field losses during harvest.
A small ciop insurance loss claimed due to drought.

1971 Yield same as 1970.
Production down 3%.
Planting well ahead of average.
Cool, dry weather during May slows crop development.
June rain and warm weather help crops to make normal progress.
Dry conditions during midsummer stress soybeans.
Early harvest
Small crop insurance claims from hail and drought.

1972  Yield up 1l1%.
Production up 21%.
Rains delay planting.
Season noteworthy for hail losses and flood losses.
24 tornadoes during season.
Harvest season one of worst on record.
Small insurance claims for hail and excess moisture.

1973 Yield down 6%.
Production up 22%.
Planting slow due to rain.
Warmest year (tied with 1964) since 1954.
Wettest year since 1902.
Last 2 years are the wettest of all 101 years of Iowa weather records.
Growing season cooler than normal but longer.
Harvest season delayed due to rain but one of finest.
Small crop insurance losses due to excess moisture.

1974 Yield down 18%.
Production down 24%.
Heavy rains in May and June.
Hot, dry weather in late June and July.
Unusually early frosts in September.
Erosion and flooding worst in years in the eastern part of the state.
Small crop insurance losses due to hail.
Corsocy is major soybean variety, followed by Amsoy and Wayne.
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APPENDIX A

Year

1975 Yield up 21%.
Production up 19%.
Frequent rains delay planting.
Late June rains in the central region cause flooding.
Six consecutive weeks of hot, dry weather in July and August.
Rains in late August and Septamber too late for some soybean plants.
Ideal harvest weather.
Small insurance claims due to drought.
Wayne nmoves ahead of Amsoy as second most popular variety.

1976 Yield down 9%.
Production down 16%.
Dry mid-May for good planting.
June and July warm and dry.
Hot, dry weather later slows development.
Early harvest due to weather.
Small insurance loss due to drought.
Wells repaces Amsoy as third most popular variety.

1977 Yield up 15%.
Production up 26%.
Coldest winter in Iowa history.
Herbicide damage causes some replanting.
Planted second largest acreages on record.
Minor weed - ntrol problems.
Grasshopper damage.
Soybean crop stress in June. July.
Cool, wet weather delays harvest.
Insurance claims due to drought.
Amsoy again becomes third most popular variety.

1978 Yield up 6%.
Producticn up 13% (a new record high).
Second most severe winter in 20th century.
Cold, wet spring delayed planting.
Soybean acreage planted second highest in history.
Warm, muggy June and July - excellent growing season.
Relatively insect + and disease free.
Above average moisture in July facilitates crop growth.
Warm Auqust; some CRDS had a 3 week drought with rain at month's end.
Hot, dry weather early fall promotes crop maturity.
Late September cooler and wetter.
Excellent harvest weather.
Smali insurance claims due to hail.
Corscy remains most popular variety followed by Wells and Williams.
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APPENDIX A

Year

1979 Yield same as 1978.
Production up 8% (record high).
One of worst winters on record.
Wet, cold soils delay planting but later progressed rapidly.
Harvest ahead of schedule.
Small insurance claims for hail.

*References
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=47~



APPENDIX A

Brief Description of Crowing Conditiors for .
Soybeans in Bootstrap Test Years for I1linois

Year

1970 Yield down 7%%, record harvested area up 2%.
Heavy April rains in North and Central delayed planting.
Crops in good condition most of season.
Septenber rains cause late harvest.
Dominant variety is Wayne, followed by Amsoy.

1971 Yield up 6%, record harvasted area up 5%.
Record production up 12%.
Planting over early.
lack of extremes in temperature bring ideal growing conditions.
Same moisture stress.
Harvest ahead of normal.

1972 Yield up 4%%, production up 10%, harvested area up 5%;

all are new state records.

Planting normal.

Dry June weather.

Summer moisture adequate.

Cool temperatures all summer.

Rain slowed harvest.

41% of planted area sown in 37-38" row widths.

1973  Yield down 7%.
Record production up 8% and record harvested area up 19%.
Heavy spring rains delay planting.
Growing season temperatures normal with above normal precipitation
through July.
Harvest on time,

1974 Yield down 24%, production down 28% (lowest since 1967).
Heavy spring rains and late freeze delay planting to very late.
Cool tempeatures nost of summer, dry late sumrer, and then early
Septenmber rains and freeze delay harvest.
Wayne still dominant variety with Williams and Amsoy tied for
second.

1975 Record yield up 50%.
Record production up 46%, harvested area dowa 3%.
Planting completed early.
Growing season temparatures normal and precipitation above normal.
Dry, warm fall weather allows harvest to finish well ahead of
normal.
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APPENDIX A

Year

1976 Yield down 8%, production down 17%, harvested area down 9%

(lowest since 1972).

Planting ahead of normal.

Growing season mostly cool and dry; precipitation 10" beiow
normal (especially NW, NE and West).

Harvest cormpleted early.

Williams now daminant variety, Wayne drops to second.

428 of plante '’ area sown in 27" - 30" row widths.

1977 Record yield up 15%, record production up 35%.
Harvested area up 17%.
Planting ahead of normal.
Growing season generally cool and wet.
Heavy fall precipitation reduces quality and delays harvest.

1978 Yield down 12%, production down 8%%, record harvested area up 4%.
Planting extremely delayed by heawvy rairs.
Growing season generally cool and dry with temperatures 3° below
normal.
Harvest nurmzl to early.
Williams dominant variety with Amsoy seocond.
46% of planted area in 27" - 30" row widths.

1979 Yield up 15%, production up 218, harvested area up 6%;
all are new state records.
Planting starts late but finishes early.
Weather during growing season slightly cool with normal precipitation.
W, C, and SW had slightly less moisture.
Normal to early harvest.

*References

Illinuis Cooperative Crop Reporting Service. Illinois Agr-cultural )
Statistics, 1971-1980. Bulletins 71-1 to 80-1. Springfield, Illinois.
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1970

1971

1972

1973

1974

1975

1976

APPENDIX A

Brief Description of Growing Conditions for
Soybeans in Bootstrap Test Years for Indiana

Yield and production down 4%.

Harvested area down 1%.

Wet soils hindered planting.

R=avy August and September rains also delayed harvest.

Yicld up 6%, production up 9%.
Harvested area up 3%; all are new state records.
Dry cool spring with mild drought.

Plan‘ing completed early.

Harvest also ahead of schedule.

Yield aown 11%, production down 3%.

Record harvested area up 9%.

Planting occured for normal schedule.

During season South was dry, North had excess roisture.
Harvest far behind schedule - only 60% campleted by end of year.

Yield up 7%, record production up 24%.
Record harvested area up 16%.

Surplus spring moisture slows planting.
Harvest on normal schedule.

Yield down 26%, production down 30%.

Harvested area down 9%.

Lowest yield and production since 1967.

Heavy May rains slow planting.

Hot, dry July.

Extremely early fall freeze catches 40% of crop still in immature
stages.

Record yield up 32%, production up 25%.

Harvested area down 7%.

Excellent early planting weather.

Growing season conditions bring abundant rainfall and optimum
temperatures.

Early fall weather dry and sunny, allowing for an early harvest.

Record yield up 1%, production down 8%.

Harvested area down 10%.

Early planting conditions most favorable in several years.
Springs and early summer cool and dry.

Same nmoisture stress in late sumer.

Harvest underway early.

Williams is dominant variety, fcllowed by Amsoy.
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Year

1977

1978

1979

APPENDIX A

Record yield up 8%, record production up 29%.

Harvested area up 18%.

Weather extremes occurred over state.

Early sumrer had some drought.

Harvest delayed by wet, cool weather.

Williams still dominant variety but only by small percentage
over Amsoy.

Yield down 7%, production down 1%.
Harvested area wp 1%.

Wet fields slowed early planting
Growth slow over e=:ly summer.
Excellent harvest conditions.
Williams dominant variety.

Yield up 4%, record production up 10%.

Record harvested area up 5%.

Cold wintery early spring weather slows planting.

Sumer rains also heavy in parts (10" - 16").

Cooy -wtum weather allows for early maturity and harvest.

*References

Indiana Crop and Livestock Reporting Service.

Amual Crop and Livestock Summary, 1974-1980.
West Lafayette, Indiana.

United States Department of Commerce NOAA; United States Department
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Volumes 57-60.
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Appendix B
Plot of Actual Soybean Yields for years 1950-1979

for Iowa
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Appendix B
Plot of Actual Soybean Yields for vears 1931-1979
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Appendix B
Plot of Actual Soybean Yields

for Years

1937-1979 for Indiana

A & AaA

A

&~ ONEMON~O DM OWN 3 IN—O®
NSO OO OO O\ et 5t gt et gt gt et gt ot

codogea, ----.----i----.----I----I-_--I----i----;----I-
1 1
5 % 9 9 9 9 9 9 9 9 9
3 3 4 4 S 5 6 6 7 4 8
0 S 0 5 0 S 0 5 0 5 0

YEAR

-~54=



.S!F'
P

Q)

D

T N A L L L X X ey T X T W Y P P P R R X R P X X

| a7}

T
[NNTava

S vODEL

(1/4)

NOTY C

EST QESULTS
N YIFSOS

§ A\l

EN
T
o1
cee
PRED,

ApPP
A

BD)TITI40
IN

OF POOR QUALITY

ORIGINAL PAGE (S
YIFLD

[N
YEAR ACTHAL

Fax sNyAR
JSING

I10OxA

Clw

STATE

[ T UL o ¥ gl o4 3 Vo o¥ g Ko
~NSINCTLTL
e o060 000 00
St gt gt gt yag e el g Snd e

ALIM ANDINSE NN

® 6 0 ¢ &6 ¢ 8 0 o o

INOMHD PPN
$ret § = )

C MM O et i (N S

s s 00 000000

et (T P e O O
[ I } ]

—~D— 3 ST

¢ o0 o 0 80 0 00

[Tl Vloaloal g LendVale Jo
[aVIaV{a VI V1A W1 Vg NT4 VY o V14 V]

~ O OO

T I LC U OD
L AV IAVIAVE TAVIgVIa N AV [V

O™ SNLC~T0
N N
gcooco OO

et g g gued et gl gt gt Pt Pl

=
-

sl ] alsalaalTa¥ 2 Ny
M~ LNE OO N g™~
® 0 @ & 0 060 000
ey gt gt P el et g et gt et

DM T NIND DM~
T & 6 0 0O OO O
OMNOMMODSO~T

I ]

O I DN~ S~
o ¢ & & &6 @ 0 0 & 0
Ot O e e

] J !

Ama NGO N
® 68 8 00 0 8 ¢ o
AP A lime 3 3 O
WO VNLVE VLV VLN VTGY]

NY IV MO

* & & & & 5 v P&

NN~ g M
(ST a Y A VA N2 S [aN AT NTQ W IaN)

D ~N\IM SO T
L N L L N Y
cooococoaoocod

Pty el ) el gl gl gt gt s Pt

<
nJ

EYaNIs Yo e Jrls SN Bo 3T ol
", NI NI VN
® 8 ¢ 0 8 & & 0 b
St gt gt ot gt ot St ot el it

DRONDMDONI~T

s co e 0000 00

OO NO =N TO

[} Ll e B I I N B )
’

AT SAUMOny
o s s 000000 00
et gt (N J ot (\ O ot et O
[ v LI I |

—C T ML M~ DO
e s 000080000
(¥ oda o Xl olo Xoalie log
OOt O Qe YN

X ~COMIT O~

e 600000 000
—O N CTINI S
LaSEE AN AN PN TaVIARILN

O\ INODVO
W NN S
oocoonocoooco

g gt el gt G-t G gt et Y ok

<
™

MAT O N
DA PCTXLINNDO
s e 0 0 e 00000
CcCOoOCOoO~OoOoCCo

~OSM A IOINt
e s 00000000
LM ONIOMMN
] J ' [ ]

ATV OO O~
R R I R R S

CmCCmCoOoCOoOC
] ] (3 | (I ]

2O S e O~
0000000 0
T~y o
L A UAVANT L AN T NIV V]

M= 3 OWNOC N
se e e 00000
goCc0CMT T
LA UAVIA L TaVEe TAN [o VT N)

O™ $NOM- DO
N N N N
o X XoNo e No o X No Xo )

gt g g et Pl et -l et et

(=
L 4

-55=-



c
yI#LOS IN

APPENDIT X
ROOTSTAP TEST EESIHTS

PAGE 18’
OR200R QUALITY

FOR SOYSEAN

ey |

sl b

wor |

a

[}

[}

[}

~y

nmi

[}

[]

< ]
P ]
< ]
— [y |
o ]
g )
—te) ]
[ond [}
= ]
P .4
L] -
o Twe
e N\NO )
v Ccad
-0 -~ |
la] ]
e oI
bt - o |
SO Wz
- ] o |
— >0}
v L]

[ 2] ]
- 4 ¢ N ]
x < ¢
C L'
o >
[]

]

Ql

o

[ |

[}

[}

[}

1}

]

[

]

]

]

STATE

e PN COATMET
T LNMCT TN
LR A N A B )
Pt g el et gy o gt gy et Pl

NEOMMNATS TN
® & 6 0 06 6 0 8 0 &
POINIMS FOL) e
[} s LI I |

MO T T a2
e 000 000 0
COCT T~
LI ) '

-l, 0D
-llgw

U AL L
® e 00 00000
NI e TOE
[AVaNia VIAN T Vg Via VEJo XA V)

FO~NONR OO
LRI
SN GS T el [
NN =N

D=NM PN DO
PP S PN
[ Xodo Yo Ne R Ne XY Xod

el et e gt Pt g o ol P Pl

o
"

InuA

AR s1adl oo X gRX RN 2N ol Ko ¢
UMM s Mmm
® 6 ¢ ¢ 00 0 0 00
loalanlaalea AN T T 2 T ]

ART S HMintInD
o e e 0 000 a0
~ OO DN =NIMINS
[ ] [a U] [}

MO~ DM O A
4 @ @ @ & 0 ¢ % 0
h.”,q‘l.\lszznnn

' ]

—_TC NP NC —~Y
Fol o dVale STaRC Jog T ef AR 4
s e 0000 00 00
et ettt =k et gt g ekt

OMP et Dt PO
R EEEEREE
ooNNODFONS

’ " i~

PO\t et i R O N
s 2P0 s 0 0000
—t O mct gt gt € et (\ ot

CPNISISNTTRO
nNgco oo
e s e 0 s e 0o

OIS = O me O O

N~ ENIDAIINIODOINN
® & 8 8 00 00 0
[A VI NIV Do IV e BX JUaTert o
[} —t [ ] —

LONNONIT- O 3
® & & & 0 00 0% s o0
AUMAUQLCJIxM.lacIA
] (]

N—~MC OO 3™ ~T AN OO WO NUNE SIS
® & ¢ 6 8 & e e ¢ ® 0 0 & ¢ 0 0 o ® & & 0 ¢ 0 0 0 o
2+ OO OO [t e = 1A LT o ~ECANPRCR~M O
VLN VIV N LV VL V) LTV VTN TV, VIR VIV ¥ OGSO SO OO
INMOILTMOONS DOPORF OMO~ PO LOOLTNNT S
.« 9 9 ¢ 0 0 0 0o o & 0 5 & 0 0 0 0 o0 e 6 o 6 % 8 00 oo
1220 AN, —— =D C C M NS nefiC MO C T C !
ALV NPT VN VLY [TV V[ VETAVT NTL VT, YT, V) IOV — e I T
O=~NM FNCH T O SN SO T O, I FIMO~DO
(RN NS RN N NN S A NN N
ooocoooooo ocooocccocoooc oo
— pu— —y P g
o o o

0 ~ o

-56-



q.F.
235D,

D]

APPE
400TsT2AP T
o AND INDIAMNA
AS AD
YIFLD (2/4)
YCA2 ACTHAL ©OOED, 9

ORIGINAL PAGE IS
OF POOR QUALITY

FOR SOYRE

INdA.

cl0

STATE

CormemMCL AT IO
[agl 7 alag TAVEY o X 24 VI WK 2
® 5 & 6 & 0 & 0 0
St ot gt (7 ot et gt gt et gt

R fasle U aT W W s Yo BT N
® 6 0 & 9 0 0 0 0 0
PO~ HOIMORN
’ [ —

TN T T2 ot et
e 6 9o 0 0 0 6 8 0 0
—_e——C N CCNIM
] [ J

mMUrrLMIanm
e s 00 00000
~ AN~ MM N
AVIaVTQ VA VR TANI\NT o WY o NI, ¥}

—tMN OO0 T -2
o000 s 000 00
Mg =y 'S M)
[aVIAVIAUAVE S T NIgNTaNT Vo N]

SN S NOST0
PPt S
ocoocococococo

ol gt gt () gt ot et et et et

30

INnwa

MPCAIC ' T NN =P
MmN DN M=
® 0 0 0 0 0 0 0 0o
et et g et gt g et gt ot g

[ a¥n W ade ok SN0 Sag 1ol b
® 0006 000 0 00
[TalaXaVIQ V. Fatog IV gt len
[} [} —~ ) )~

[onlant ol ols STl RN Lo RaW
e & o &6 ¢ 0 8 0 ¢ o
—_—_OC O NG — N\ C
! ] [ I ] !

P Vel VoW ol K I X s S
e 6 e 0 0000 00
OV S ONIN
[AMa VA UIANE 1o Vo VT o ¥4 Wy V)

T NCDIDI® NN
® 000 0000 0o
—~eg NN CTUW
[ANIANT N [A NP TG NToNT o VT4 N [oN]

NI F NO~ 0T
N S
[oals s ¥ o oo Yo MV Yo Yol oy

Pl goid goml gt grung g ek gt s ot

STATE MNDEL

[ S 2o e JB R e k) g}
e e e 0000 000
Nt O F O VMO
[} [ 1 ] ]

LCONMNITCONN TN
e e e 0 0000 0
ccoconoccceco
] ] ] ]

[aglaNlaa PR ore Lo fo To-j
® & o & 0 & & 0 & 0
=\ et (e O N
[aVIANTAVTANTANT A N{ o Ty VT4 V] o V]

fo gls AN To Y. o e 0o eTe (X AVToX]
oo 0 0s 0008 00
—~——3 N C N
NI — OO

=N SO SO0
N N S
goocococo0C

——

CRDS AGGR.

-57-



e

SuFa

1) P2

D

PRED.

ORIGINAL PAGE.IS
OF POOR QUALITY

APPE

B00TST2AP TES
YIELD (Q/4)

FOR SOYREA
YEAR ACTUAL

1o 00

CRD

STATE
ILLINOIS

gl ata X ol A SN T ob¥ o X el od
NahataNIA ViU ARK SUANE S 2N }
[ EEEEEEERENEN
il i grt gt gl gt gt gt gt )

2L Mt DAM
® & 6 & © & ¢ 9 9 0
QNS DO SN
) R

Lol Vel lag Tanll g AV o 1 Up)
® ® @ 5 O 0 0 s 0
CCCTCL oottt
(I ] ] ] ]

MULNTMA PO
s e 000000
DA Aaglagd: KaalTallal
NN NN Y

LOINCTIMMO~
06000 000 00
(2l 0 lS Kaa LRV ol (UK J - o
[AVTAVANT A VB TAVIA VT o VNN

M SO T O
N NN
feye X - XN X X N. X0

el gud gt gon) gl e grnd gl ged el

1o

Rk G0 RN\ WP Lot aNTe
i3 I3 INONS
s o0 0000000
et et ot o e gt gt rh st it

MM DA~
¢ e ¢ 0 0000 s
A= NNID™M
LI I I I A N P R )

' ! ]

[oaNaVIN S oV aloNTog IX ¥ o)
s e 0 e 0000 0
CCCCTMMr(Me—~™M
[ I | ] ] ]

-3 O TN 00N
e e ¢ oo e 00
OCmC Crm(\ MM
(A 13V g VIa N[y VTGV g VTA U NT4 U

QYOOI OoDINCNND
R ERX
—CN\ e~ N AL
NN =~

S M FINO DO
N N
ococoocoooCco

g g gmd gt gy gt gl gt et

o
o

[Ealo T aliC 4 K L JANToals A
[l T IAVE JUATURE § o
S 0000”900 00
o et gl gt £t g gt et ¢ =t et

[ eV ¢ T aLaa YAV b d IV s ]
® o & & 0o 5 ® 0 0 0

D3 D0~ NMD
V™M ) —
]

TN
® 6 & 0 0 % 0 0 0 @
C AN C =T S
[ I ] 119 ]

~T MO OIUNO
e s 00 000000
AP ML S Y
[gUsVUa MO VTNV [a VA VT4 VT4 V]

MOV MO D~
s 000000000
gl ATl AN o1 TaloaValonl od
NN~

Or (M $ N O™ DO
N N N S T
ocoooococooo

[
™

L NaT ol ol Al el paWt 215
3OO C-NN
e e s s 0000 0
et gt g gt gt gt et et g o=t

DA U THAM
® 600 0000 00
AN I NN S

e e '

wnwCcaNMI IOINTN
e o e 90000 e
et gt gt gt ([ gt O D O e

[ ] L A ] J

AN A VI P Lt ol VTl ale
s e v e v 000
T INCMUNIENOD
[AVTAFTANT AV I VTGN A LA NT QN 4N}

03O et OO =
e & & 0 5 0 0 ¢ ¢
[A\V]TalVols E¥al Tol. Tl o
AN =~ OIS

O =M OO0
N N e
Lo a¥o o Xo 3o Yoo Yo Yo Yo 3

et g et gt gmnd g gl g et e

(=]
K4

-58-



of o
-n.

S
P

<)

D

4)
£9.

ILLINOLS

APPENS
C

HQOTSToARP TES
NOI

YIELD (Q/
L >3

YEAP ACTYA

ORIGINAL PACE 1S
OF PQOR QUALITY

FoR SO}BEA
USIV% A

INWwA« TL
CRD

STATE

e BAUANTaa ITATTATANEY ol oV o
=M TR N

¢ o & 0 8 0 " O " O

[ Ton e Hat lat TEATA VN 4 )

® & 6 6 o ¢ 0 8 0o

[aa TTaTa VT3 o T4 ToNIANRK 3K J
' AL

A ATV R W N
® ¢ et s 0800 00

Crt O 3 C C mtome
' "t

T IO CmaN S
e e e 0 e 00
MEPL L~ O
[AVIaVIa Vs VEQVIA VT A ANTA Vo U

—t 3 DI D
e e e 0000000
gV At Aty shagl ol X oy
[AVIAVIAVIANE (A VIV NI VIa V)

O\ JM SN0 DON
LN NS
coocoocoocoo

30

MAMINONT C ~%t
NINNII T S 3 3N
e e v 00000 0
Tt e gl g gl gl el it e et

—~MIMOONL DOHD
s e 0 s 0080 s
~rDomMP NN
L TAN I I B

'

DTN = S ~UN LN M
® @ 0o @ ® & 9 ¢ 9
s et gt (N} P 7 4t et ot e (V)

] LI ) J

[TalaalV ol aNTs oRo To R X J oV
LRI IS A N Iy
(A AR Sl AR A
faV s VAU URR s TN [\ VAU V]

oMo CMOD NN
I EE I
)3 O 3OO
[AVIAUANTANE L L\ NI o FIAN 1AV o V]

S—UM F N0~ D
N N N N S
oocococaroooo

Ll L L P L L Lt e

(=]
2]

X OINT T M ™
233NN NCT
s es e 0 see s
g gt precsd ] et ] gt ek ) Pl

MAOURTR R R~ O
®e 060 000 0
NONNI D~ DMODM

Lo I 10 VRN B I |

rainger0INN

® » 0 ¢ 0 ¢ 0 & &

T Np—= '3 C =gty
J (I ] '

AN O TN O
(LRI SRR Y SN WYY
k Tl bl A Ualo s do\
~ NN ~ OIS

MO O OO

e o0 0 0 e 00 e
[eafo Rl o Tal ol \ U Sal's
e\ ot s OO U

OmNIM DO
N N N S
ooococoCCo

e g g g geed gt gt et e pmnd

=
~

[aUag TmT Y o g P2RT, A ag 1 o
AN OO O
® o & 0 " & ¢ 0 00
Pt Pt ) gy gt gl g e et gy

OV AN N™ e DM
s eo0 0 e 0000
OO
P Al o — = =

oMM —~T OS2
e e s 0 e 00000
C St M ey
[ ] L ' )

fand =Sl TaALYo17al g VoV oY 0

s s e v veesnvoe
~rrcrorroc

ot gt e gt o ot ot et (\ ] O\

CNON S O ~NM

e e s s 0o o0
SN MO ™
ot et () et o—e () ot (\ J e (N}

NI ND OO
L i b
oo

o
[ ¢]

-59-



De

Sof o

P

QD

n

PRED.

of POOR QUN"TY
(Q74)

ORIGINAL PAGE 1S
APPE
BOOTSTRAP T
FOR 'SNYRE
INwWA
YIELD
YEAR ACTIIAL

cW

ILLINOIS

STATE

C DM TONNIC e
3 MMM S

b gt g ] gt el g 0 gt P

M= AN N
® & o % & 0 0 & 9 0

—SOIINON- NN O

’ [] — ) —t——

NI PN ITOT T

LI SRR A SR Y
CC N —C NN
' ' 100 ’

F M= NNSC O

OO NNTO

Pt gl ] ] g et gmacd gyl =l

OONUSAIRO—M e O
® & 5 &6 & 0 80 0
[TeX¥ed- of Talsglo . o4 Ual o \)

Pt et gt gt ot =t et (\J =4 (\}

SN\ SN OO
N N N N
fo Xo Yo s No o XoRole o)

ot gt gued et gl gt gt gl SO g

30

PSSO Dy IN
ORI CCOmtms O
® 00 00000 00
O OC O rmt rmtrmt et gt et

S JaVia Lo 2K Jo Foo o Tog
s e 00 00000
MEOOM NINOM DN

(AN B B | q

Ll ke Tal o NaalaUs oo aiS 4
® ® 0 6 0 ® 0 0 0 0
CCCTraMm OC ot

19 ’

NS NC T MDD
es s e 0000 00
OIS 3 S
[AVIAUA VA VT AU o FT A NI A NTAN] o ¥

WA DN
® 9 @ ¢ ¢ 0 @ 0 ¢ 0
SN SNY NAD
ORI NI A U

O~ SN T
N N NN S
cCoOrONTT0OC O

et il el gt gt ot ) ¢ —oh =t gl

STATE MODEL

2L ~MNION0
® & o & 5 9 5 @ 9 0
NOMIP I N~ DD~

[ O B B

N ning i~ ne
® o660 06005 s
CCOCOQrm 3 o e}

J 111 '

MM~ c oo cnN
® 0 & 0 ¢ o & 0 00
AN\ V=™ .3
NGO ASOUNIOI A A

MO NI DO NN
oo 0000000
CA'M— O J N ND
[a Vo VG VIANE o T VT W (VI X T4 V)

DM N O
N SN NN
coaorcroCocoOTC

Tt gt = o g gt et St Ged ek

C~Ds ALGR,.

-60-



e

Sef s

Po

D QD

(R/4)
prEN,

YIFLD
YFAR ACTUAL

OF POOR QUALITY

ORIGINAL PAGE 18

can

STATE

OO N
L AVIAN L LAV VE L TAVTA Y]

(s e dioe X 4 Waal MK JT g
SC T Nje—eOM T
®® 020000000

SOOI DO TN
e e 00000000
IO O P F i )
L} —~ b~ )

—~ LNt P OCPC 2O
¢ o 000000 00
—C O C i (0 C e
' tr

L OUS NVems MG e O
e o000 oo
C O C =P s YO

e A T P T

Mt MO NTO 2O

s e s 000800

=2 OO NID S =

LI | ~t 8 80
[}

FCTNINDC =MD
s ee e o000 00
Crtrt C C MOt C et
(I} tr e

MINT: XM~ LT F =0
AN IR
CCTCTmi OON S~

(AU VI 1 VA U o Vo VT4 ] SOOI = OO T
M OOyt O NN ~UNOM O DN~ O
IR EERER *so00 0000000
~—LC = Anae C P =N NN e
[AVT VI NT O NPT VT VT RTo VT, X AV L N LAV NI VT NT Y]
S \IM S NO~CO O\ F OO DO
N T T NS W SO
aoooocoococococa cocococococococooo
- . — gy
D o

— [\V]

<t

z

<

—

0

z

[

AU = N e O (I
ISIILIMI TS

® & o0 5 00 0 00
—

r.IMMNNISTYo
s e 000000 so0
—t—t ot 0\

SN AP O
® 6 8 & 0 00 0 0 o
M~ OO N M e M N
101 —~ =

]

2Pt ) e ™) YD) et (™) et
® % 50 00090 009
——Cc ococMmong
¢tV LI A |

NT~C IO ION
® & ¢ O 0 90 000
TN —~MHOCACN
et (\J e~ Y VU

NN ™ ONNIM
® 000000000
CCIPCOUNC N~
= = NN

O~ N O D0
[N SN N
oo o Yo Moo X0 ¥s Xo X N

P =t g guef ) ) omnf gl gl el

o
™M

~MonTontonns
S e0 00000 0o
NOUN UMD PN~y
bt} Nl Je= )

1 ’

NI N LDNLPMOUN

e 0000 e 00
Ot O P M= SO
1 10

[ =3V XX ¥, alTaTe . ol J%: 314 3
O 20 06000 0 oo
O et ONIP VM .3
A VT Ve VNG X VTN

NoY SN INICWNS
® &0 0000 0 00
—~JF e~ S S
NN NS OIS

O matyM 3N O™ OO
L N e
0C 00000000

o
g

-61-



el e

Q) PRED,

]

L

¥

AN ) TNHTAMA

L]
AS 40N

p:
PRED,

C
D (Q/4)

APPENDIX C
A

BOJTSTRAP TEST 2FESULTS

L

YEAK ACTH

L INOT

JSING

OF POOR QUALITY "

ORIGINAL PAGE 1S

IL

FOR SNAYREAN YIFLDS IM
viE

10WA

CRD

STATE

[Tal STy X . K Z9 8, o
(AW AN o [y VIT AL WA NIV Ta N o o
s s e e s 0000
et gt it et et et o | el gl et

Pt e SO
¢ e o000 0 00
O IFTONANNSMRON
L] ~0 0000

(AN XAV T e K 2R o
4 o @ © @ 5 0 0 0 @&
o= C =M= ONIC —
" [ A |

[o Ta N gie Y XV oTaa TaVN o]
s s 00000000
— e NS
AN NI

— et 0 00 S UN-MN
e e s 00000 00
(LS X sal SBC 2% Xl g T o)
[aWIANIANT A VI TAVIANTAVEQNTAN)

O—OM IO T
PN N A N N N
cooccoococoemt

ot ot

—_ DT RO
(AT [ANTAVTa Voo AT T4 Ui T )
s o0 e s 00 0
—p grenbymnl gmnl gues] el gl Gt il gral

DALNMV e 1O D
6o e o0 000 00
~ONMN NN
" (AU I B R ]

'

A NP S e BN o PEl ol Y o
e s 60 0 000 0o
CriC C MC C el
" 2 I I A |

[o X AU =l ofV o)X SYALe JRe 4
e &6 ® & & 006 & 0
CONNC mtrtrr— ™
— e NSO —

~OUNION NS NN
o0 e 00000 0
[l AP N of s U o aT R AN
OO\ e U IO A

Oty FNN- 1
N N S N L
cocaoococoCc

et el gt gl

50

InNDIAMA

——

>
n

@ 2ONT ONNONDY
oroc~orccn

® & & ¢ 5 % O O 8O

[aloala NI a BC K X VA g
ottt (\J X (ome 3 IO

e 8 5 & & 60 s 8

cocccocnco

DINDAAOME DIO—A

® &6 ¢ & 9 ¢ o 0 0O

Nt (I~ D O P N

[ ] L~ -
[

MO L~ TO—T
® e e e s s 0000
COC rmimer (NN
(3 ] LI I A

eI MC OO
® 6 ¢ & o 0 ¢ 5 0 &
TC O o0
~OUN LNy

FIT O 1Ml —
[ EREEEEE
O COA M I\ Mee\}
L s U I R Ta VT AUANToNT o X)

Qe 4 N OO
P N A NN S
ooy TITAco

Pt gt gy et = gt g, ol gt gt

o
~

et vt prctgud g =

~~O X DO~ 2O
se e v s 000 e
ot (N TP e O NN
LI ] —— o~

L7130
» o o 2 @& 55 0 ¢ 0
CC e MNMNOM e
" ' tee

S~ OO VN
R I N I Y
TTTNLEONONOO

MO NN et = VD
R EE RN
TS OOC e~

it gt et et ot gt e 1\ (\) =t

S DO O
N N N N
e N Yo No . 2o N X Xe 8

<
[+ 4]

Nys



V)

LTS

_hOS IN
INDTANA

o

'3
A CEAS MODEL

APPENJIX €
B800TSTRAP TEST RESY
NOIS. AN

kl
VIELD (G/4)

YFAR ACTuA|L P=END,

OF POOR QUALITY

ORIGINAL PAGE IS

L

FOQISOYQEAN vl

JSIN

I0WA.

Cc0

STATE
INDIANA

[AVES RaNAVIC G It oy ol )
LADNDLE U IS
@ 8 ¢ ¢ 0 & & 0 00
et gt gt gt (\. et st et gt gt

D DY OO N
e s 006000 00
SIS M TN
b et § b

~ AT M~ NN
® ® o 0 0 0686 0 0
O e\ s eV et ©
') )

- el aelaal =t ot o T ToVIK 4
® 08 0 0 2 0 0 0o
TaT P~SOTCDCOCSA
g gt g guat g gt gt [, ) (\ ] et

O MO OO
X
T O —NO O

ot gt gt et gt et (\ | (\ § 5t gt

O\ S NLO~TO
AP AN A A
ocoocococoocooco

g goud g} gl gt gund gt pund puind g

20

MOOIMNT ~NIrT
ITrTCCOCOm

e s 000000 0
COC T rmtrui Ot O ot

PO Dt OIS
e e v 00t 000
NS~ D DU A o™
(N -~ ]

LIPNNINNLHDIED
* & 0 ¢ 0 000 00
CCCTm\Jrtpum T C
[ ) to) ]

Mt C NN e O M

o060 000000
C ot ()N bt ) 7Y ()
(A VLAV A VTGV P TANTANT (N7, Vo]

NN DN 0N NN
REEEENERY]
SN =0T ™M IS
Ut O i IO N OV

O ~M $ DO~ DO
N S N WS
ocococoocooom

ot gt ooy gt gl goend rnd gt gl gund

STATE MODEL

8 T =lalaaTa Yoo ottt s 1o X0
o 5 00 0 ¢ 0 0 00
NN =NINDO O F
" —0 0 0 0

LN 2 N O
e & 05 00 06 0 ¢
C i C O it (N[ Ot
"l [ I I I )

[AVESTuaTs X« {Taalf ol g = a ¥
LI I IR I I
O et 2 et (T et et (Y (D
[AUIaV[A WA N TAN T U o N4 HaY)

ONDN DN NN
s e s e 008000
SN~ NN TS
[AVANT TV LA NTA VAN 4 VT U

i\ M F NO D
N YNNI N
fe e N Y- Y. 2. - X Y. Yo

CRDS AGGR.

-3~



S.F.
De

P2

VD

C
o AND INDIanA
AS MVONEL
D (QA/s4)
L PRED. )]

APPEND I X
BOJTST24P TEST RESULTS

£TACCe

OF POOR QUALITY

CRGINAL FIZE 3

viE

FOR SNYHEAN YIELIDS IN
YFAR ACTY

INWwA« IL
JSIN

CRD

STATE

[AIRAR AR TN TE K JoVEAV] N
* 0 000008 00
SO IAUK 36 oo P JUa T JX 4
(I I N A ] [}

- NI I o™
o0 00000 e o
Ll SAIAS SO et B A
[AVIa VA Vo U VA NT VIANTA Vo V)

N F F 0DV O
o 0 ¢ 0 60 0 0 0 0
O\ \ P () e F
WO NI XTI NT Y]

=M SN SO0
NN~
cooococcroo

g gl g g gl gu) g g gt ey

RATAUIS STo K Joalh ol AT 3 )
® 60 000 0000
DN I™-NITTM
] ' -~ ]

(AN e Ta VIl B SR N lacka
® e 8 0000 0 00
QCC i\l i
! ] [ A} ]

TOMOOINNS IR
e 0 & 5 0 8 0 0 &0
LA U s Usale PP Toatt ol 4
AN NN

Nt DD F $ T LN
e 5 6 0 06 8 0 0 0
— O\ et (7 st 3 (N
(AL NT NPT VTGN NG NT, V)

(UM SN OP

STATES AGGR.

-64-



ORIGINAL PAGE 18
OF POOR QUALITY

APPENDIX D

Significance of Variables Included in CRD and State Models for Soybean
Yields in Icwa

R

not significant * = significant at .10 level

*k

significant at .05 level ** = significant at .0l lewvel

Variable/Model | 10 | 20 | 30 | 40 ! 50 { 60 | 70 ; 80 : 90 ; ST .

Trelﬁ 1 kkk | kkk *kk xRk Rk kddk |ddkk L2 % ] ns x&kk

m 2 kkk [k [Rhk ARk L3+ 3 Rkt [hkkk |kdkk (kikk kA%

June Temp fadalal
@m’: Apr ke k t 2 2.4 E £ 24

May *k *

DFNT Apr Rkk | hkk

May *kk !

Jun *% khk |

Jul
Aug * %k i
Sep

*hR s 24 kkk ns %

*k

SDFNP
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20

APPEXIDIX D

(Iowa cont.)
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DEF  May
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ORIGINAL PAGE
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APPENDIX D

Significance of Variables Included in CRD and State Models for Soybean
Yields in Illinois

ns = not significant * = gignificant at .10 level

** = gignificant at .05 level *** = gignificant at .0l lewvel

Variable/Model | 10 | 20 | 30 | 40 | S0 | 60 | 70 | 80 | 90 | ST

m 1 *hkR Rk® 1 3 3 RR RER *ikR L 3 % *kk L 3 2 *kk
nerﬂ 2 £ 2 3 L 2 2 L3 2.4 ki k¥ *kk Skk xRk L2 2 L2 2
CPREC Apr
May k& *k
DENT Apr
tay

Jun *% ®*
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Aug
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DENP  Jun '

ARhR
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Aug e *hR
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SDENP May wen | oww

Jun ns ol

Jul RRX  hkk ARR (RRR

Aug
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(I1linois cont.)

Variable/Model 10 20 30 40 50 60 70 80 90 ST
1
DEF !'ny Rk
Jun ke
Jul kx| ke kk |hkk |dkk |xkx
aug xkx | @ lakk
RATIO May
Jun
Jul *kk *
A *kk | %% | pg *kk | kkk
Sep ns ns ns
Intercept ikex | pg Tewx Caex aax : ns |wxx [xsex | o lexsx
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APPENDIX D

Significance of Variables Included in CRC and State Models for Soybean
Yields in Irdiana

B
n

not significant * = significant at .10 level

*k

significant at .05 lewel ** = gignificant at .01 lewel

Variable/Model 10 20 30 40 50 60 70 80 90 ST
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(Indiana oont.)

Variable/Model 10 20 3¢ 49 S50 60 70 80 90 ST
DEF May

Jun

Jul k¥ Rtk

Aug Rk%
RATIO May

Jun

Jul *k

Aug *kk |kkk |hkk kkk | dkk hkk | kkk | kkk

Sep ns *k
Intercept 1s | ns | ns [*** | * [#x%x [*%x | ng | ns | ns
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